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A FLUID PUMP CONTROLLING SYSTEM AND METHOD 



This application claims priority of brazilin patent case No. 
PI0305458-6 filed on December 5, 2003 which is hereby incorporated by ref- 
5 erence. 

The present invention relates to a system, a method of control- 
ling a fluid pump, as well as to a linear compressor and a cooler provided 
with means for calibrating the respective functioning at the time of first use or 
in cases of problems caused by electric or mechanical disturbances through- 
1 0 out the useful life of these pieces of equipment. 

A fluid pump, for instance, a linear compressor, is usually con- 
trolled by an electronic controller, which adjusts the voltage supplied to the 
motor that drives a piston in a cylinder where a gas or a liquid is compressed. 

The piston is displaceable positioned within the cylinder, having a 
15 stroke moving up to a stroke end, where the valve plate in the case, for ex- 
ample, of linear compressors is found 

One of the problems found in these types of equipments lies in 
the fact that the piston may impact (or collide) with said stroke end, and may 
cause noises or even break the equipment. So, it is necessary to control the 
20 position of the piston, as well as the occurrence of collisions thereof with the 
respective stroke end. 
Description of the prior art 

Usually, the systems of the prior art foresee the monitoring of 
collisions during the use of the fluid pumps, so as to prevent the above-cited 
25 problems. 

Moreover, in order to achieve maximum efficiency or maximum 
capacity of pumping fluids, the pump piston has to reach the maximum dis- 
placement possible. With the piston functioning very close to the respective 
stroke end, for the system to operate safely in this condition, it is necessary 
30 to use displacement sensors having good precision, and it is further neces- 
sary to calibrate the system, which may be difficult to do on an industrial 
scale. 
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In the case of sensors having low precision, it is necessary to 
decrease the value of the maximum possible displacement of the piston. In 
this way, the piston will operate at a longer distance from the stoke end, thus 
increasing the safety of the fluid pump, but impairing the respective efficiency 
5 and the maximum capacity. 

Another problem refers to the gain and offset leeway. The prob- 
lem is particularly pertinent, since, for instance, by using an accelerometer- 
type sensor, in addition to the stroke, there are other factors that influence 
the acceleration, for example, the discharge and suction pressures of the 
10 fluid pump. This is because, when these factors change during the function- 
ing, the response of the sensor will also change. 

In certain types of sensor, there may be, for instance, influence 
of the variation in temperature, which makes them inadequate for measure- 
ment in cases where it is necessary to calibrate a fluid pump. 
15 Technically, a sensor may be, in general, approximated to the 

following equation. 

Y = mxX + b 

wherein 

Y is the stroke (output signal of the sensor); 

20 Xis the measured physical magnitude (inlet of the sensor); 
m is the gain or multiplicative factor; and 
b is the offset or additive factor. 

On the basis of this equation, it can be noted that the response of 
the sensor will vary if the factors m and b vary (for instance, some variation in 

25 temperature, pressure), depending on the type of sensor. 

Although the previous techniques provide control with regard to 
the positioning of the piston and the occurrence of collisions, none of them 
foresee a calibration necessary in order to able the controlling system be 
employed on a large scale in the manufacture of fluid pumps. 

30 This problem is due to the fact that the electronic and mechanical 

components used in manufacturing fluid pumps, in general, have levels of 
tolerance, so that a fluid pump hardly or never has characteristics identical to 
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one of another pump manufactured by the same specifications. 

The consequence is that, when manufacturing fluid pumps pro- 
vided with systems for monitoring the position and the impact of the piston, it 
will always be necessary to foresee a calibration step during the manufacture 
5 or assembly of the fluid pump, so as to make the final adjustment for each 
equipment and, in this way, eliminate the possible imprecisions resulting from 
the tolerances of the components, as mentioned before. 

Evidently, the need to employ an additional calibration step in a 
manufacturing or assembling line results in significant losses of time and, 

10 consequently, financial losses. 

One of the ways to control the movement of pistons in compres- 
sors is described in document US 6,536,326. According to the teachings of 
this previous technique, the monitoring of piston collisions, for instance, by 
means of a microphone, is foreseen. When an impact occurs, a disturbance 

15 signal is generated, which is fed to an electronic control that will actuate on 
the piston displacement, thus preventing the occurrence of further collisions. 
The system also foresees the storage of a maximum value of piston dis- 
placement from the occurrence of a collision. 

In spite of preventing the occurrence of collisions, according to 

20 the teachings of this document US 6,536,326, it is not possible to adjust the 
maximum value of piston displacement, so that the step and calibration in the 
manufacturing and assembling line continues to be necessary. 
Brief description and objectives of the invention 

The present invention relates to a system, a method of control- 

25 ling a fluid pump, as well as a linear compressor and a cooler having a con- 
trol preferably with an electronic circuit for treating the signal from the dis- 
placement sensor, such a circuit having an output for informing the maximum 
piston displacement in the fluid pump, and another output for informing the 
occurrence of a mechanical impact of the piston at the end of the stroke (or 

30 to foresee a mechanical impact or collision). The control also foresees an 
algorithm/ calibration method capable of adjusting the maximum limit of pis- 
ton displacement with the information from the circuit of treating the signal 
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from the displacement sensor. 

The calibration method may be carried out whenever the system 
is turned on or whenever a failure occurs. One may also establish a periodic 
calibration with a predefined time, this time being dimensioned according to 
5 the characteristics of the sensor that is being used. 

Further, in order to have maximum efficiency of the fluid pump, 
the piston should work as close to the stroke end as possible. The ideal value 
would be to operate it at a zero distance from the stroke end, but since this is 
not possible due to the errors of tolerance and oscillations in the piston 

10 stroke, the system and the method of the present invention enable, from a 
self-calibration, to eliminate the sources of error, which allows the piston to 
come as close as possible to the stroke end. When this is not possible and 
the piston needs to work at a longer distance from the stroke end, then this 
compressor will be used under its maximum capacity. With this safety dis- 

15 tance of the piston from the stroke end corresponds to a volume, called 
"dead volume", a portion of gas stored in this dead volume is simply com- 
pressed and decompressed during the operation of the compressor, generat- 
ing losses. The ideal situation is that the whole gas should be pumped and 
that no portion of the gas remains stored in the dead volume. 

20 The present invention has the following objectives: 

- controlling the piston stroke in a fluid pump, allowing the piston 
to advance as far as the end of its mechanical stroke, without allowing colli- 
sion of the piston at the cylinder top and further, reducing to a minimum the 
value of the "dead volume" within the cylinder; 

25 - implementing an automatic calibration system during the normal 

operation of the fluid pump, which avoids the calibration procedure during the 
manufacturing or assembling process and is capable of operating the piston 
with the shortest distance possible from the respective stroke end; 

- make feasible the use of less precise sensors or with gain and 
30 offset leeway, without impairing the performance of the system (efficiency 

and maximum capacity); 

- optimizing the fluid pump in efficiency and capacity; 
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- implementing a simple solution for industrial large scale produc- 
tion. 

The objectives of the present invention are achieved by means of 
a control system for controlling a fluid pump, the fluid pump comprising a pis- 
5 ton displaceably positioned in a cylinder, the cylinder having a piston- 
displacement stroke and the cylinder having a stroke end, the system com- 
prising a sensing assembly measuring the behavior of the piston and an elec- 
tronic controller associated to the sensing assembly, the electronic controller 
monitoring the piston displacement within the cylinder by detecting an impact 

10 signal, the impact signal being transmitted by the sensing assembly upon 
occurrence of a collision of the piston at the stroke end, the impact signal 
being transmitted by the sensing assembly to the electronic controller, the 
electronic controller successively incrementing the piston-displacement 
stroke from a trigger signal until the occurrence of the collision, to store a 

1 5 maximum value of piston displacement. 

The objective of the present invention are also achieved by means of 
a fluid pump controlling method, the fluid pump comprising a piston displace- 
ably positioned in a cylinder, the cylinder having a piston displacement stroke 
and the cylinder having a stroke end, the method comprising the steps of 

20 turning on the fluid pump, causing the piston to displace in the cylinder; suc- 
cessively increment the piston stroke as far as the occurrence of an impact 
thereof with the stroke end, monitoring the piston stroke for a stabilization 
time between the successive increments of the stroke, and decrementing the 
piston stroke if an impact occurs during the stabilization time. 

25 Further, a of carrying out the teachings of the present invention is 

to provide a control system for controlling a fluid pump, which comprises a 
sensing assembly for sensing the piston position and an electronic controller 
associated to the sensing assembly, the electronic controller monitoring the 
piston displacement within the cylinder by detecting an impact signal, the im- 

30 pact signal being transmitted by the sensing assembly upon occurrence of a 
collision of the piston at the stroke end, the impact signal being transmitted 
by the sensing assembly to the electronic controller, the electronic controller 
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successively incrementing the piston displacement stroke form a trigger sig- 
nal until the occurrence of the collision in order to store a maximum value of 
piston displacement, and monitoring the piston displacement within the cylin- 
der and preventing displacement as far as the maximum value of piston dis- 
5 placement. 

Another way of carrying out the teachings of the present inven- 
tion is a method of controlling a fluid pump, which comprises steps of turning 
on the fluid pump, causing a displacement of the piston within the cylinder; 
successively incrementing the piston stroke until the occurrence of an impact 
10 thereof at the stroke end, monitoring the piston stroke for a stabilization time, 
and decrementing the piston stroke if an impact occurs during the stabiliza- 
tion time. 

The objectives of the present invention are further achieved by 
means of a linear compressor comprising piston displaceably positioned in a 
15 cylinder, the cylinder having a piston-displacement stroke and the cylinder 
having a stroke end, the system comprising a sensing assembly for sensing 
the piston position, and an electronic controller associated to the sensing as- 
sembly, the electronic controller monitoring the piston displacement within 
the cylinder by detecting an impact signal, the impact signal being transmit- 
ted by the sensing assembly upon occurrence of a collision of the piston with 
the stroke end, the impact signal being transmitted by the sensing assembly 
to the electronic controller, the electronic controller successively incrementing 
the piston displacement stroke until the occurrence of the collision in order to 
store a maximum value of the piston displacement. 

Further, the objectives of the present invention are achieved by 
means of an environment cooler, which comprises a control system for con- 
trolling a fluid pump, the fluid pump comprising a piston displaceably posi- 
tioned in a cylinder, the cylinder having a piston-displacement stroke and the 
cylinder having a stroke end, the system comprising a sensing assembly and 
an electronic controller associated to the sensing assembly, the electronic 
controller monitoring the piston displacement within the cylinder by detecting 
an impact signal, the impact signal being transmitted by the sensing assem- 
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bly upon occurrence of a collision of the piston at the stroke end, the impact 
signal being transmitted by the sensing assembly to the electronic controller, 
the electronic controller successively incrementing the piston-displacement 
stroke from a trigger signal until the occurrence of the collision, to store a 
maximum value of piston displacement. 
Brief Description of the Drawings 

The present invention will now be described in greater detail with 
reference to an embodiment represented in the drawings. The figures show: 

- Figure 1 represents a block diagram of the system of the pre- 
sent invention; 

- Figure 2 represents a block diagram of the system of the pre- 
sent invention, applied in controlling a linear compressor; 

- Figure 3a represents a block diagram of the system of the pre- 
sent invention in the use with a single sensor; 

- Figure 3b represents a block diagram of the system of the pre- 
sent invention in the use with two sensors; 

- Figure 4 represents a detail of the block diagram of the system 
of the present invention when a single sensor is used; 

- Figure 5 illustrates an electric diagram of one of the ways to 
carry out the second filtering circuit; 

- Figure 6 represents an electric diagram of one of the ways to 
carry out the embodiment of the first filtering circuit; 

- Figure 7 represents a graph of the signal read on the sensing 
assembly of the present invention; 

- Figure 8 represents a flow diagram of the method / self- 
calibration routine of the system of the present invention; 

- Figure 9 represents a graph of an average made on a linear 
compressor provided with a system according to the present invention, the 
graph illustrating a situation in normal functioning; and 

- Figure 10 represents a graph of an average made on a linear 
compressor provided with a system according to the present invention, the 
graph illustrating a situation in functioning with impact. 
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Detailed description of the figures 

As can be seen in figure 1 , the use of the system of the present 
invention on cooling systems where linear compressors 10' are used is ex- 
emplified. 

The teachings of the present invention may be employed on any 
type of fluid pumps, the application being particularly relevant in the cases of 
linear compressors, since these pieces of equipment need a strict calibration 
to prevent problems during their use. 

A control system for controlling a fluid pump is usually controlled 
by an electronic controller 16, preferably comprising a microcontroller 15 that 
controls the voltage supplied to an electric motor (not shown), which drives 
the fluid pump 10. 

The voltage supplied to the electric motor is controlled by means 
of the electronic controller 16 through a gate from the control of conduction 
time of a set of switches 17 (preferably TRIACs) and, consequently, the 
movement of the fluid pump 10. In the particular application illustrated in the 
figures, the capacity of the compressor 10' is controlled in order for the cool- 
ed environment 18 to remain within the desired conditions. 

The fluid pump 10 comprises a piston (not shown), which is dis- 
placeably positioned within the cylinder, the cylinder having a piston dis- 
placement stroke as far as the stroke end, where, for instance, the valve 
plate is located in linear compressors 10'. 

In order for the system to operate in ideal conditions, the piston 
should move as close as possible to the respective stroke end, without, how- 
ever, colliding against it, and without being too far from this point, since in this 
case the efficiency of the pump is lower. 
Constructive characteristics in the fluid pump 10 : 
Sensing assembly 

According to the teachings of the present invention, a sensing 
assembly 1 1 , which comprises an impact sensor 35 and a position sensor 36 
to sense the piston displacement stroke, should be provided. 

The impact sensor 35 should be in a position to detect a collision 
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of the piston at the stroke end and generate an impact signal to the electronic 
controller 16. 

One of the forms of sensor that may be used in the system of the 
present invention is the sensor described in patent document BR0301 969-1, 
5 filed on May 22, 2003, which describes an accelerometer capable of detect- 
ing a collision of the piston against the stroke end. 

Other types of sensor may be used, as long as they detect the 
collision or the imminence of a collision, thus preventing an impact signal to 
the electronic controller 1 6. 

For instance, one can make use of a sensor as described in 
documents BR 0001404-4 and BR 0200989-0. In the two cases the impact 
sensors are capable of generating an impact signal corresponding to an im- 
pact or a displacement very close to the piston stroke end. 
Operation of the sensnr 

In order to implement the system of the present invention, one 
should operate the piston by incrementing its stroke, until an impact is felt 
from the sensing assembly 1 1 and, particularly, from the impact sensor 35. 

As soon as the piston collides against the stroke end, or touches 
the impact sensor 35, it can be concluded that the piston has reached a 
maximum displacement value, and this value may be stored in the electronic 
controller 16. 

The system should be designed so that the maximum value of 
piston displacement corresponds to a displacement of maximum efficiency of 
the fluid pump 10, in order to have, at the same time, an optimum efficiency 
of the pump and a minimum risk of impact of the piston with the stroke end. 

Since both the electronic components and the mechanical com- 
ponents used in manufacturing each fluid pump 10 have levels of tolerance, 
each equipment will have values of stroke end and maximum value of dis- 
placement different from each other, so that the calibration until a point of 
impact eliminates the tolerances found in fluid pumps in general. 

With regard to the frequency with which the above procedure is 
applied, it may be performed whenever the fluid pump 10 is started, for in- 
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stance, in the case of coolers, whenever the compressor 10' is turned on. It 
may be opted to carry out the procedure with a determined frequency, for 
example, daily or with the frequency necessary to prevent impact problems 
during the use of the fluid pump 10. The calibration may be started from an 
5 external signaling, which may be foreseen for beginning the procedure, 
whenever an electrical disturbance occurs in the network, for instance. 

In order to implement this, the electronic controller 16 must sim- 
ply generate a trigger signal from the occurrence of a problem with the fluid 
pump 10, so as to initiate the calibration procedure. 
10 Preferably, one opts for initiating the fluid pump 10 with a mini- 

mum piston displacement stroke from a trigger signal, that is to say, upon 
occurrence of a problem or when the motor is turned off. 

After calibration, that it so say, once the maximum value of piston 
displacement is obtained, one should store a value obtained at the electronic 
15 controller 16. With this value, one should operate the system for simultane- 
ously monitoring the piston stroke and its impact, by adopting a maximum 
value obtained by means of the calibration (or self-calibration, since the sys- 
tem finds the maximum point for each fluid pump) of the system in monitoring 
the piston stroke. 

The monitoring may be effected in various ways. For instance, 
one may chose to monitor the piston position on the basis of the teachings of 
patent case BR9907432-0, the description of which is incorporated herein by 
reference. So, according to the teachings of the present invention, it should 
be foressen to store the maximum value of piston displacement within the 
cylinder of the fluid pump 10 and then evaluate whether the piston tends to 
collide or not, decrementing the value of the voltage fed to the motor that 
drives the fluid pump 10, thus preventing the piston from colliding. 

The systems of monitoring the piston position described in these 
documents will have as a basis a maximum value of piston displacement 
and, with this value, they may operate so as to prevent excessive piston dis- 
placement. 

With the simultaneous monitoring of the piston stroke and im- 
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pacts, one obtains greater safety in this operation, in addition to a greater 
efficiency of the fluid pump. In particular, the monitoring of impact has two 
functions: the first one, during the calibration process, is to inform when the 
piston has reached the maximum limit of displacement, as well as to adjust 
5 the piston stroke; the second one is to monitor the normal functioning of the 
fluid pump in order to prevent impacts due to failures. 
Interpretation of the measures of the sensing assembly 1 1 : 

As can be seen in figures 9 and 10, the piston movement within 
the cylinder presents a curve corresponding to the displacement measured 
10 by means of a position 36 and impact 35 sensor. 

Figure 9 illustrates a situation where the piston operates without 
the occurrence of impacts. As can be seen, in this situation, the signal output 
from the position sensor 36 (curve 110) presents a maximum piston dis- 
placement without the occurrence of noises (see indication 120). The curve 
5 100 indicates the signal of piston displacement, after passage through filter- 
ing circuit 42, while the curve 150 shows that there is no impact of the piston, 
since there is measured signal. 

Figure 10 illustrates a situation where the piston operates with 
occurrence of impact. As can be seen, in this case the output of the sensing 
assembly 11 (110') generates a noise (see indication 120'), which may be 
interpreted by the electronic controller 16, generating the signal 150' after the 
first filtering circuit 40, and may even be directly connected to one of the 
ports of the microcontroller 15 or equivalent. The curve 100' is obtained after 
the second filtering circuit 42 (low pass circuit) and represents the signal of 
piston displacement. 

System of measuring and inte rpreting the measures of the sensing assembly 
H: 

As can be seen in figures 3a, 3b and 4, the signals from the 
sensing assembly 1 1 are interpreted by means of a signal treatment module 
30, 31, which may be carried out in two constructive ways, namely: 
By using a single sensor : 

Since the signal from a sensor is capable of monitoring piston 
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position and simultaneously piston impacts, that is, the behavior of the piston, 
the latter presenting now a low-frequency signal (monitoring of the piston po- 
sition) now a high-frequency signal (impact situation), the separation of these 
signals should be foreseen so that the measures can be interpreted by the 
electronic controller 16. 

For this purpose, the system of the present invention should be 
provided with a signal treatment module 30, which comprises a first filtering 
circuit 40 and a second filtering circuit 42. 

An inductive-type sensor may, for example, be chosen. With this 
embodiment, the sensing assembly 11 will generate a measurable wave of 
piston displacement, as well as an impact signal, as soon as the piston col- 
lides with the respective stroke end. In this case, the signal treatment module 
should be adequate for separating the signals generated by this type of sen- 
sor. 

As can be seen in figure 4 and 6, the first filtering circuit 40 is of 
the high-pass filter. With this embodiment, the filter eliminates the signal read 
by the sensing assembly 1 1 at the low frequencies, that is, the signal corre- 
sponding to the piston displacement, allowing only the signal corresponding 
to an impact to pass to the electronic controller 1 6. 

The second filtering circuit 42 is of the low-pass type, so as to 
eliminate the high frequencies from the signal read in the case of a piston 
impact. The signal read in this case will correspond to a signal of piston dis- 
placement within the cylinder, this signal being transmitted to the electronic 
controller 16 and interpreted by the latter. 

Figure 6 exemplifies one of the embodiments of the first filtering 
circuit 40. In this embodiment, the assembly formed by the resistor Ri 7 and 
the capacitor Ci 7 , forms the high-pass filter and should be configured, for in- 
stance, for cutting frequencies below 5 KHz in the cases where the teachings 
of the present invention are employed on linear compressor. The resistor R 27 
has the function of limiting the current transmitted on the basis of a transistor 
77, which amplifies the signal read by the sensing assembly 1 1 . 

Figure 5 exemplifies one of the embodiments of the second filter- 
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ing circuit 42. In this embodiment, the assembly formed by the resistor R46 
and the capacitor C 46 actuates as high-pass filter, while the assembly formed 
by the capacitor C 3 e and the resistor R 3 e forms a low-pass filter, the superpo- 
sition of the two assemblies will result in a low-pass filter. In the cases where 
5 the teachings of the present invention are employed on linear compressors 
10', it may be opted to configurate such filters to cut frequencies lower than 5 
Hz and frequencies higher than 500 Hz from the signal read by the sensing 
assembly 1 1. In this way, the output of the second filtering circuit 42 will cor- 
respond to the piston displacement. 
!0 The signals read by the sensing assembly 11 and treated by the 

first and second filtering circuits 40, 42 are transmitted to the electronic con- 
troller 16, which will actuate to prevent piston impact. 

The signal treated by the fist filtering circuit 40 may be directly 
fed to the electronic controller 16, since the latter may be interpreted in a bi- 
5 nary way. This can be seen in figure 7, where the signal of the sensing as- 
sembly 11 signalizes that, when the piston passes by a maximum stroke 
point, an impact may occur or is imminent, and its displacement stroke 
should be decreased. 

The signal treated by the second filtering circuit 42 has a variable 
amplitude, since it corresponds to the piston displacement within the cylinder. 
In this way, this signal should be passed through a comparator 45 before be- 
ing transmitted to the electronic controller 16. The comparator 45 is con- 
nected to a reference voltage, which should be adjusted according to the 
characteristics of the fluid pump 10. Optionally, an A/D converter instead of 
the comparator 45 may be used. 

As can be seen in figure 7, once the sensing assembly 1 1 has 
detected a value of maximum stroke, one should signalize this situation to 
the electronic controller 16. 

In order to implement the sensing assembly by using, for exam- 
ple, a PZT-type or piezoelectric sensor, when the piston collides with the re- 
spective stroke end, high-frequency (above 5kHz) components arise, and the 
first filtering circuit 40 should select only these high-frequency components of 
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the signal generated by the sensing assembly 11, since these identify the 
mechanical impact of the piston with the cylinder top or stroke end. On the 
other hand, the second filtering circuit 42 should be adjusted to select the 
frequency of functioning of the system (50 or 60 Hz) and eliminate DC or 
5 high-frequency components, since the information of the stroke will be in the 
operation frequency. Evidently, the comments relating to the present exam- 
ple of PZT sensor should not be taken as a limiting factor for the teachings of 
the present invention, since other types of sensor may be used to implement 
the sensing assembly 11, and there may exist, for instance, other types of 
10 filters. 

Bv using two ssnsnrs - 

According to this variation, it may be opted to provide a fluid 
pump 10 with two sensors with different functions: an impact sensor 35 and a 
piston-position sensor, the two of them providing a signal to be interpreted by 
5 the electronic controller 1 6. 

In this embodiment, the signal treatment module 31 will receive 
signals from each of the sensors 35, 36,just as illustrated in figure 3a, and 
one should proceed in the say way as describes in the option with the use of 
a single sensor to transmit the information to the electronic controller 16. 

One of the ways of interpreting the signal read by the position 
sensor is described in patent document BR9907432-0, but other forms of 
monitoring may be used. 

Type of sensor a nd its respective arrangement on a fluid pump 10 : 

As an impact sensor, an accelerometer-type sensor, as already 
mentioned before can be used for example. In this case, the impact sensor 
35 should be associated to the cylinder of the fluid pump 10 and, preferably, 
one should fix such an accelerometer together with the cylinder of the fluid 
pump 10, so that the piston impacts can be sensed. 

The position sensor 36 may be embodied, for example, by 
means of magnetic sensors. These types of sensors emit a magnetic field 
that suffers interference from the approach of the piston, so as to generate a 
wave measurable by the electronic controller 16.This position sensor 36 may 
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be arranged, for instance, within the cylinder of the fluid pump. 
fluid pump 10 controlling methnri 

In order to operate the system of controlling the fluid pump 10 
and the linear compressors, or even coolers that may comprise refrigerators 
5 or air-conditioning systems, the following steps, which are illustrated in figure 
8 should be followed. 

Whenever the fluid pump 10 receives a trigger signal or when- 
ever it is started, as described before, one should start the fluid pump 10 by 
causing a piston displacement within the cylinder with a minimum stroke, and 
1 0 successively incrementing the amplitude of displacement. 

Then, piston stroke should be monitored in order to detect possi- 
ble impacts and, if the latter does not occur, a stabilization time should be 
awaited to conclude whether the system is stabilized, that is to say, to evalu- 
ate whether impacts will not occur during this period. 
15 With regard to the term "impact", it should be considered that it 

may be an imminent impact of the piston, since this will depend upon the 
type of sensor used to monitor such a step. In the cases of the use of an ac- 
celerometer-type sensor, the piston impact with the stroke end will corre- 
spond to its collision. On the other hand, in the cases where one uses, for 
20 example, touch-type sensors, as described in documents BR0001 404-4 and 
BR0200898-0, or even in the case of magnetic sensors, in the situation of 
impact there will not be real collision of the piston with the respective stroke 
end, but only the imminent impact as described above. 

After the step of stabilization time, if the system is stabilized, that 
25 is, if no impacts take place during the stabilization time, the piston stroke 
should be again incremented and this routine should be repeated until an 
impact is detected. 

The value of the stabilization time will depend on the type of fluid 
pump to be used. In the case of use on linear compressor, this stabilization 
30 time may be on the order of magnitude of a few seconds up to a flew min- 
utes, the typical value being of ten seconds. The correct designation of the 
magnitude of the value of the stabilization time may be determined as a func- 
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tion of a monitoring of the piston stroke. Thus, a stabilization time of a magni- 
tude determined by the piston stroke to be monitored by an external system 
can be applied. The piston stroke may be monitored and only an increment in 
the displacement magnitude effected when one is certain that no further im- 
pacts will occur. 

In a following step, after detection of an impact, the piston stroke 
should be decremented, and thus the maximum value of piston stroke on the 
fluid pump 10 is established. After this step, the fluid pump 10 is operated in 
a constant way, provided that no electrical or mechanical failures occur, as 
described above, when the pump with the minimum stroke should be started. 

In order to be certain that, upon decrementing the displacement 
stroke, the piston will then displace with a safe and at the same time optimum 
displacement as far as the efficiency of the compressor is concerned, the 
value of maximum piston displacement should be stored in the electronic 
controller 16 and, from this moment, start monitoring the piston stroke with 
the value of maximum displacement obtained from the impact. It may be 
opted for decreasing the amplitude of piston displacement, for instance, in 
percentage. 

In this regard, once the maximum value of piston displacement is 
known, the electronic controller 16 will no longer allow the fluid pump to be 
operated beyond this limit and, even so, if a further impact occurs, the elec- 
tronic device 16 should recalibrate the system, that is to say, start the piston 
displacement at a minimum stroke, successively incremented. In order for 
this to be feasible, the system should always be functioning, not only during 
the calibration routine. 

As mentioned above, the step of starting the fluid pump 10 with a 
minimum stroke can be carried out periodically and, in this way, constantly 
calibrate the fluid pump 10 to a maximum piston stroke. 
Application to linear compressors : 

As mentioned above, the control system for controlling a fluid 
pump 10, as well as the respective control method are particularly for appli- 
cations involving linear compressors 10', since the latter are provided with a 
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piston displaceably positioned in a cylinder, which has a piston displacement 
stroke and the cylinder having a stroke end. 

The application in these cases is particularly useful, since the 
piston oscillates freely within the cylinder and the tolerances of the assem- 
bling step should be adjusted. 

The advantages of the present invention result is that the toler- 
ances of the electronic and mechanical components may be greater, since a 
calibration of the fluid pump 10 is foreseen whenever the equipment is turned 
on. In this way, the calibration step during the manufacture and assembly of 
the fluid pump 10 can be eliminated, which results in gains in time and, con- 
sequently, financial gains. 

The possibility of automatic adjustment whenever a failure is de- 
tected also results in a safer fluid pump 10, when compared with those as- 
sembled according to the teachings of the present state of the art. 

Moreover, as a calibration of the system has been foreseen, it is 
possible to use less precise sensors or sensors with leeway of gain and off- 
set. 

The optimization of the efficiency of the fluid pump 10 is signifi- 
cant, since the piston may operate close to the stroke end, which results in a 
maximum efficiency. 

The possibility of using a single sensor monitoring simultane- 
ously the piston displacement and the occurrence of impacts also results in 
economical gains, since, in addition to saving of components, the need to 
install more than one sensor on the fluid pump 10 is eliminated. And it is also 
possible to make integration with other piston-movement systems. 

Preferred embodiments having been described, one should un- 
derstand that the scope of the present invention embraces other possible 
variations, being limited only by the contents of the accompanying claims, 
which include the possible equivalents. 



